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The h+,hAx form factors for the semi-leptonic B — > D and B — > D* decays are evaluated in quenched lattice 
QCD with j3 — 6.2. The action and the operators are fully 0(a) non-perturbatively improved. The Isgur-Wise 
function is evaluated and fitted to extract its slope; the latter is found to be p 2 = 1. 1(2) (3) from the B — > D* 
decay and p 2 = 1.0(2)(3) from the B D decay. The form factors ratios Ri, R2 are evaluated and found to be 
in agreement with experimental determinations. 



1. Introduction 

The B —>■ D and B — > D* semi-leptonic de- 
cays have a considerable phenomenological inter- 
est, since they can be studied to determine the 
modulus of CKM matrix element V c b. Further- 
more, the presence of non-perturbative physics in 
these decays makes a lattice study particularly 
appealing. The predictions of the Heavy Quark 
Effective Theory (HQET) can be used to con- 
strain the form of the matrix elements that de- 
scribe semi-leptonic decays of heavy-light mesons. 
In particular, the relevant matrix elements are ex- 
pressed in terms of a set of form factors, that con- 
tain the non-perturbative physics of the decay: 
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where v, v' are the velocities of the initial and 
the final meson respectively, and u> = v-v'; e is the 
polarisation vector of the D* meson. In the heavy 
quark limit, the six form factors become related 
to a universal function known as the Isgur-Wise 



function, However, there are two kinds of 

corrections to the heavy quark symmetry that one 
has to take into account: perturbative QCD cor- 
rections and symmetry breaking corrections pro- 
portional to inverse powers of the heavy quark 
mass. In terms of these corrections, the relations 
between the form factors and £(oj) are jl): 

hj(ui) = [a, + Pj(mb,m c ;u)) + 

7j(m fc ,TO c ;w) + •••]£(<*>) > ( 4 ) 

The aj terms are constants that fix the be- 
haviour of the form factors in absence of correc- 
tions (a+ = a>v = ai = «3 = 1; a_ = 0.2 = 0). 
The (3j and jj functions account for radiative cor- 
rections and power corrections of 0(1/ m^c) re- 
spectively. The radiative corrections are calcula- 
ble in perturbation theory, while the power cor- 
rections are non-perturbative in nature 0|. At 
zero recoil (v = v',u> = 1), however, Luke's the- 
orem H guarantees that both 7+ and 7^ are of 
order 0(l/m^ c ). At small recoil, the Isgur-Wise 
function is modeled by: 

^) = l-p>-l) + %-l) 2 ), (5) 

where p 2 is called the slope parameter and 
£(1) = 1 because of current conservation. Al- 
ternative parametrisations of £ (ui) have been pro- 
posed, which start to differ from (0) at 0((w— l) 2 ) 
II- 
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2. Simulation details 

The calculations presented in this work were 
performed using a non-perturbatively 0(a) im- 
proved action (SW, csw = 1-614), within the 
quenched approximation, at [3 — 6.2, on a set 
of 216 configurations, with a volume of 24 3 x 48. 
The improvement coefficients for the current op- 
erators were taken from the work of Bhattacharya 
et al. The inverse lattice spacing, set using 
the Sommer scale ro [f7|, was a -1 ~ 2.9 (GeV). 
The matrix elements have been extracted for 
eight combinations of the heavy quark masses 
(rriQ ~ TOcharm) and two values of the mass of 
light (passive) quark (m q ~ m. s t ra ngc)- Since, at 
fixed lu, the residual dependence of £(w) on the 
heavy quark mass was statistically negligible, no 
extrapolations were necessary. 

3. Extraction of the Isgur-Wise function 

The Isgur-Wise function has been extracted in- 
dependently from the h + and h Al form factors, 
that at w — 1 are protected from 0(l/mb, c ) 
power corrections by Luke's theorem: 
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The power corrections have been neglected, as 
they have been estimated and found to be consis- 
tent with zero in the range 1.0 < w < 1.2. It is not 
possible to extract the Isgur-Wise function from 
the form factors for which ctj = as they are just 
a collection of QCD corrections; similarly, the hy 
form factor could not be used because its power 
correction has been found large. The Isgur-Wise 
function has been fitted to the linear model (||). 
Unconstrained fits have also been performed, i.e. 
relaxing the condition £(1) = 1. In both decays, 
5(1) was found to be consistent with one. Results 
are summarized in Table (Q) and plotted in Figure 
(|l|) . The data from the two decays are in excellent 
agreement with each other and lie consistently on 
the same line. 



Table 1 

Results of the linear fits the Isgur-Wise function, 
with and without the £(1) = 1 constraint. Quoted 
errors are statistical. 
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= 1 
1.0(2) 


0.99(2) 
0.9(3) 
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1.0(3) 
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4. Ratios of form factors 

The two following ratios of form factors have 
also been calculated: 
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These two ratios would be equal to one in the 
absence of symmetry breaking corrections. Fig- 
ures (Q) and (H) show that this work's determi- 
nations are in agreement with the experimental 
determinations by the CLEO collaboration ||. 

5. Systematic uncertainties 

The systematic uncertainty on the slope of the 
Isgur-Wise function has been estimated consider- 
ing the effect of the choice of the scale-fixing quan- 
tity, the residual light quark mass dependence, 
and the effect of using different non-zero momen- 
tum kinematic channels. Three alternative mod- 
els of the Isgur-Wise function have been consid- 
ered, and the variation in the extracted slope pa- 
rameter has been taken as a systematic uncer- 
tainty. 

6. Summary and conclusions 

The slope of the Isgur-Wise function has been 
extracted from a lattice study of the B — > D and 
B — > D* semi-leptonic decays, using a 0(a) non- 
perturbatively improved action at (3 — 6.2. The 
results from the two decays have been found in 
good agreement: p 2 = 1.1(2)(3) from B — > D* 
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Figure 1. The Isgur-Wise function from the B 
D and B — ► D* semi-leptonic decays. 
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Figure 2. The Ri ratio. The range of the experi- 
mental determination is shown. 



and p 2 = 1.0(2)(3) from B -> D. This result is 
in good agreement with previous calculations per- 
formed by members of the UKQCD collaboration, 
which did not use a full set of non-perturbatively 
determined improvement coefficients P|l2[]. The 
ratios of form factors R\ , i?2 have been calculated 
and found in agreement with experimental data. 
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Figure 3. The i?2 ratio. The range of the experi- 
mental determination is shown. 
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